No consistent changes in lung volume could be shown during pregnancy over the study period. It is suggested that the increase in closing volume during pregnancy might result in abnormalities of distribution of ventilation sufficient to explain the maternal blood gas disturbances of pregnancy.
Garrard, G S, Littler, W A, and Redman, C W G (1978) . Thorax, 33, 488492 . Closing volume during normal pregnancy. Serial lung function studies were performed in ten healthy, primiparous women aged 21-28. Measurements were made at two-monthly intervals during pregnancy and included functional residual capacity (FRC), total lung capacity (TLC), vital capacity (VC), specific conductance (SGaw) and closing volume (CV) on each occasion.
Closing volume expressed as v % or as CV+RV % closing capacity %)showeda progressive rise during pregnancy in all subjects with a linear relationship to time (p < 0 001, p > 0 01, respectively).
No consistent changes in lung volume could be shown during pregnancy over the study period. It is suggested that the increase in closing volume during pregnancy might result in abnormalities of distribution of ventilation sufficient to explain the maternal blood gas disturbances of pregnancy.
The appearance of dyspnoea in early pregnancy (Cugell et al, 1953) in conjunction with blood gas changes (Lucius et al, 1970) has suggested the development of ventilation/perfusion mismatching in early pregnancy. In an attempt to define ventilation distribution abnormalities we have studied sequential changes in lung volumes and closing volumes throughout pregnancy in a small, closely defined, group of women.
Methods
We have studied a group of 10 healthy, normotensive, non-smoking, primagravid women aged 21-28, all of whom gave their informed consent (table 1) . Pulmonary and ventilatory function was measured in most subjects at two-monthly intervals from the 10th to 12th week up to term. These measurements included functional residual capacity (FRC), total lung capacity (TLC), residual volume (RV), vital capacity (VC) and specific conductance (SGaw) measured plethysmographically (DuBois et al, 1956 measurements for all subjects was 6 7 % with a range of 2 7% to 22 2%. Regression with time of each of the three estimations of CV (on each occasion) in the subjects with the poorest coefficients of variation (Cases 2 and 3) improved the correlations in these subjects. Closing volumes measured before the 18th week of pregnancy were within normal (non-pregnant) predicted limits for age (Buist and Ross, 1973; Collins et al, 1973) , thereafter rising to abnormal levels.
Although grouped data for SGaw show a significant increase, individual data show both positive and negative correlations with time (table 2). Case 1 was the only subject to show a significant change in SGaw (decrease), which was not in keeping with the overall trend.
Discussion
In contrast to previous studies, we have failed to confirm significant changes in lung volumes during pregnancy. The vital capacity, which is one of the most convenient volumes to measure, has been reported by several workers as being increased, decreased, or unaltered (Alward, 1930; Anthony and Hansen, 1934; Thompson and Cohen, 1938; Gazioglu et al, 1970) . Lung compliance would appear to remain unchanged throughout pregnancy (Gee et al, 1967) , findings that would be consistent with an unchanging VC. Inspiratory capacity has been shown by many workers to increase while others have shown it to remain unchanged (Cugell et al, 1953 ).
TLC appears to remain unaltered, but small reductions in FRC have been consistently reported (Cugell et al, 1953; Prowse and Gaensler, 1965; Gee et al, 1967) . These changes, however, have been relatively small, in the region of 18%. Surprisingly, diaphragmatic excursions do not seem to be adversely affected by the gravid uterus even late in pregnancy (McGinty, 1938; Stewart, 1951) . Relaxation of abdominal musculature and the ligamentous attachments of the ribs may result in the lung volumes and chest mobility remaining unaltered (Bonica, 1967) .
Bearing in mind the small changes that have been shown and the large day-to-day and cyclical variations in lung volumes that have been reported in normal, non-pregnant women (Hlastala et al, 1973) , such results as ours are perhaps not unexpected. Eng et al (1975) in studying a group of obese women failed to show a significant change in FRC during pregnancy. Their group mean values for FRC (2-061) are similar to our results (2 21). Many of the subjects we studied complained of difficulty in performing VC manoeuvres even in early pregnancy. This might explain the generally low values obtained for VC and TLC. We had intended to perform postpartum studies, but this plan had to be abandoned when four of the subjects became pregnant again before restudy.
Small alteration in lung mechanics, if present, would not be adequate to explain the dyspnoea that is present in up to 70% of women during pregnancy, often during the first and second trimesters (Thompson and Cohen, 1938; Cugell et al, 1953) . Such dyspnoea is probably related to subjective awareness of the inappropriate hyperventilation, which is one of the most consistent changes seen during pregnancy (Root and Root, 1923; Plass and Oberst, 1938; Widlund, 1945) . This finding in conjunction with the blood gas disturbances in pregnancy (Lucius et al, 1970) has led to the postulation of V/4 abnormalities in early pregnancy. Bevan et al(1974) showed that closing volume, as a method of studying ventilation distribution, encroached on the tidal range of breathing during late pregnancy. However, this was assuming quite large falls in FRC. Their subjects were a somewhat heterogeneous group including both normotensive and hypertensive subjects. In contrast, Craig and Toole (1975) showed closing capacity (CV +RV) to remain unchanged during pregnancy. Using a helium dilution technique they measured fall in RV sufficient to cancel out increases in CV. We have shown significant increases in closing capacity in a small group of pregnant subjects. All were normotensive and primiparous and none were smokers.
Interpretation of closing volume data must be made with care. Such measurements in normal subjects can be extremely variable (Burki et al, 1975) , and other factors, such as volume history and smoking (Malo and Leblanc, 1975) 
